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First Cleavage of the Mouse Embryo Responds
to Change in Egg Shape at Fertilization
fertilization cone, a transient protrusion at the site of
sperm entry. An involvement of sperm entry in orienting
cleavage is supported by data demonstrating that a
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cone subsequently mark the cleavage site in the majority1Wellcome Trust/Cancer Research UK
Gurdon Institute of, but not all, embryos [5, 6]. The first cleavage tends
to divide the embryo into progenitors of the future em-Tennis Court Road
Cambridge CB2 1QR bryonic and abembryonic parts of the blastocyst [5,
11–13], a relationship that is no longer seen in embryosUnited Kingdom
2 University of Cambridge lacking a sperm entry site [14]. However, apparently
contradictory evidence has been presented that someDepartment of Genetics
Downing Street internalized sperm components are randomly distrib-
uted in relation to the first cleavage [7, 8]. These latterCambridge CB2 3EH
United Kingdom experiments did not, however, address the possibility
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Institute of Public Health influence the position of the zygotic spindle and, so, the
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Robinson Way In order to directly examine the relationship between
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United Kingdom to develop conditions for time-lapse observations of the
first day of development in the mouse embryo. We first
used this technique to examine randomly positioned
zygotes in which the second polar body (a marker ofSummary
the previous meiotic division) could be seen and found
that in 71% (37/52) cleavage was initiated within 30 of it.Although mouse development is regulative, the cleav-
An even greater proportion of embryos had the secondage pattern of the embryo is not random [1, 2]. The
polar body associated with the cleavage furrow duringfirst cleavage tends to relate to the site of the previous
cytokinesis, reflecting the movement of its tether withmeiosis [3, 4]. Sperm entry might provide a second
the meiotic midbody as previously described [3, 4]. Tocue, but evidence for [5, 6] and against [7, 8] this is
observe the first cleavage directly in relation to theindirect and has been debated [9, 10]. To resolve
sperm entry position, we then viewed eggs from abovewhether sperm entry position relates to the first cleav-
the meiotic (animal) pole such that in the majority, theage, we have followed development from fertilization
first longitudinal division would pass through the fieldby time-lapse imaging. This directly showed cytokine-
of vision. In this way the only eggs in which we couldsis passes close to the site of the previous meiosis
not see the fertilization cone were those in which it wasand to both the sperm entry site and trajectory of the
located most vegetally, and in such the first cleavagemale pronucleus in a significant majority of eggs. We
should be set by the meiotic pole and inevitably tenddetected asymmetric distribution of Par6 protein in
to pass through the fertilization cone. We recorded im-relation to the site of meiosis, but not sperm entry.
ages at 5 min intervals over 20 hr on two focal planes,Unexpectedly, we found the egg becomes flattened
one occupied by the second polar body and the otherupon fertilization in an actin-mediated process. The
by the fertilization cone (Figure 1). We found that thesperm entry position tends to lie at one end of the
attached second polar body was a reliable marker ofshort axis along which cleavage will pass. When we
the animal pole as it oscillated about its position with amanipulated eggs to change their shape, this reposi-
maximal displacement of only 15, most likely reflectingtioned the cleavage plane such that eggs divided along
the length of its tether [3].their experimentally imposed short axis. Such manipu-
Initially, we analyzed the first cleavage position in rela-lated eggs were able to develop to term, emphasizing
tion to the central point of the fertilization cone, re-the regulative nature of their development.
cording the division plane within one of three equal sec-
tors of the zygote: central, middle, and lateral (Figure
Results and Discussion 1H). If the site of the fertilization cone and the plane of
the first cleavage were random with respect to each
The Position of the Fertilization Cone, Place other, we would expect the cleavage plane to lie with
of Appearance of the Male Pronucleus, and Its equal probability (33%) within each of these three re-
Trajectory Predict the Plane of First Cleavage gions. However, the analysis of our time-lapse movies
Several lines of evidence suggest that the first cleavage showed that in a significant majority of eggs (64%, n 
plane of the mouse egg is oriented not only with respect 29), the first cleavage passed through a position within
to the previous meiotic division [3, 4] but also to the 30 from the center of the fertilization cone (Figure 1H).
This compared to 22% of eggs with cleavage between
31 and 60 from the center of the cone and to only 14%*Correspondence: mzg@mole.bio.cam.ac.uk
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Figure 1. Position of Fertilization Cone Predicts the Plane of First Cleavage
(A–D) Four representative time-lapse series to illustrate three eggs in which cleavage occurs in a central position with respect to the fertilization
cone (A–C) and one in which cleavage occurred laterally (D) (see Supplemental Data for movies). The selected images are from the indicated
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Figure 2. The Relationship between the Appearance of the Male Pronucleus, Its Trajectory as It Moves to the Egg Center, and the First
Cleavage Plane
(A–C) Three representative eggs in which an angle between the first cleavage plane and the male pronucleus was within the 30(A), 30–60
(B), and 60–90 (C). The angle subtended by the male pronucleus when initially visible to the center of the egg is indicated with a red dashed
line (in red is shown the percent of embryos that fall into this category), its trajectory is indicated by the green connected dots, and the blue
dashed line indicating the mean angle of this path to its final position (in blue is shown the percent of embryos that fall into this category).
The first cleavage is marked with the white dashed line.
(D) Development of actin-rich region (red) associated with the fertilization cone (arrow). Microtubules (green) underlie the actin-rich structure.
(E–H) Sequential events of the first cleavage showing preferred alignment of male and female pronuclei. (E and F) Zygotes with the visible
pronuclei in alignment with the position of the second polar body (E-DIC image, F-immunofluorescence). (G) Zygote with the mitotic spindle.
(H) Zygote during the process of division into the 2-cell stage embryo. Green, microtubules; red, actin; blue, chromatin. Second polar body,
if not visible, indicated by an arrowhead.
Bar corresponds to 20 m.
of eggs in which cleavage occurred laterally, between when it could be first observed (1–2 hr postfertilization)
until the time of cleavage. We found that the initial posi-60 and 90. Thus the probability of the first cleavage
division passing through or proximal to the fertilization tion of the male pronucleus subtended an angle of less
than 30 to the plane of cleavage in 68% (23/34) of eggscone is 2.9- and 4.6-fold higher than the probability of
it passing through positions proximal or lateral to the (Figures 2A–2C, red dashed line). When we examined
the mean trajectories of the male pronuclei, we foundcone, respectively. This is in agreement with previous
experiments marking the fertilization cone externally that in 65% (22/34) of eggs these subtended an angle
of less than 30 to the plane of cleavage (Figures 2A–2C,[5, 6]. At its maximum size, the fertilization cone could
occupy an area equal to or slightly larger than the central green connected dots and dashed blue line). These val-
ues are very similar to those between the cleavage planesector defined above (Figures 1H, 2D). Thus there may
be a greater correlation between plane of cleavage and and the center of the fertilization cone. Indeed, the male
pronucleus first appears close to site of sperm entry.the area occupied by the fertilization cone rather than
the single central point in the above measurements. Thus the first cleavage plane tends to pass not only
close to the fertilization cone and the site of male pronu-In an alternative assessment of this relationship, we
therefore carried out a second series of time-lapse stud- cleus formation, but also to the trajectory of the male
pronucleus as it migrates to the egg center.ies analyzing not the position of the fertilization cone,
but the position of the male pronucleus from the time Before the first mitotic spindle forms in the mouse
times in these time-lapse series. Red arrows mark the position occupied by the fertilization cone. The red dashed line indicates the plane of
cleavage. The zero time point is defined from the time at which the male pronucleus was observed.
(E–G) Method used to monitor egg movement. Zygotes were assessed for possible rotation during time-lapse imaging by analysis of natural
cytoplasmic markers. Every tenth frame was selected (i.e., 50 min intervals), and the positions of cytoplasmic particles that could be identified
in successive multiple frames were recorded. Often particles could not be tracked for the full duration of culture (approximately 20 hr), but
two to three particles were traceable for substantially overlapping time periods. This example shows six time points at two focal planes at
the respective levels of the fertilization cone and second polar body. Positions of three cytoplasmic markers are illustrated by the red, green,
and blue circles. The angular movement of these three markers with respect to developmental time is shown graphically in the corresponding
color. Bar corresponds to 28 m.
(H) Proportion of eggs that cleave in the central (C), medial (M), or lateral (L) positions with respect to the position occupied by the fertilization
cone. The shape of an egg at cleavage is superimposed in red on the image of an egg at the time the fertilization cone is maximal. Position
of the second polar body is indicated by the yellow dotted line.
Bar corresponds to 15 m.
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egg, the two pronuclei become juxtaposed and their the great majority of eggs remained clearly oval in shape
(respective ratio of axes 0.982 n  26; 0.980 n  34;chromosomes meet at the same metaphase plate but
do not intermingle [15]. Could, then, the orientation of Figures 3C and 3D), and their dimensions were signifi-
cantly different to those of metaphase II oocytes (p the male and female pronuclei as they meet influence
the orientation of the spindle microtubules they help to 0.0003 and p  0.0001, respectively; Table 1). Thus it
appears that an asymmetry develops upon egg activa-nucleate? When we were able to follow the paths of both
pronuclei to the egg center, we found that irrespective of tion in relation to the site of the sperm entry and remains
a property of the egg.the site of sperm entry, 54% of eggs entered mitosis
with the second polar body, the female pronucleus and We next examined whether the change in egg shape
upon fertilization develops before the emergence of thethe male pronucleus in alignment along the animal-vege-
tal axis, 19% of eggs had pronuclei aligned with the fertilization cone or only as a consequence of its extru-
sion. To address this question we had to “catch” eggsequator, and in 27% of eggs the pronuclei were oriented
obliquely in relation to the second polar body. Examina- immediately after sperm entry and before any signs of
the fertilization cone became apparent. We achievedtion of fixed preparations of groups of eggs at a similar
time revealed a similar tendency; 78% (18/23) of eggs this by fertilizing a series of eggs in vitro with sperm
having Hoechst-labeled nuclei and by measuring theappeared to have pronuclei in linear alignment with the
polar body (Figures 2E–2H). Thus in the majority of eggs egg’s dimensions within 20 min from the time of sperm
entry. We found that by this time eggs had alreadyexamined, the final position of the male pronucleus was
on the vegetal side of the female pronucleus. This align- changed their shape (median ratio of short:long axis
0.9765 n  25, Figure 3E) suggesting this might resultment of the two pronuclei with the second polar body
is in accord with the tendency for the first cleavage to from egg activation rather than formation of the fertiliza-
tion cone per se. To address this, we activated eggsbe meridional and suggests that the female pronucleus
might take the shortest path toward the egg center. parthenogenetically and examined them after intervals
of 2 and 4 hr. Such artificial activation also resulted inThus the spindle could, in principle, be set up at any
longitudinal angle around the animal-vegetal axis in or- egg flattening (median ratio of short to long axes 0.985
[n  85] and 0.9685 [n  38] at these respective timeder to achieve equitable partitioning of chromosomes
into the two daughter blastomeres. However, this does points, Figure 3F). However, its degree was not as pro-
nounced as in fertilized eggs upon development of thenot seem to be the case, as in a significant majority of
eggs we observed the first cleavage to pass through fertilization cone (Table 1).
This change in the geometry of the egg suggestedor in proximity to the fertilization cone. We therefore
conclude that the final central position of the female that activation/fertilization might influence its cytoarchi-
tecture. As this might reflect the shift from the highlypronucleus is important for setting up its spatial relation-
ship with the meiotic midbody to achieve longitudinal asymmetric meiotic divisions to the symmetric mitosis
of the zygote, we first chose to examine the distributiondivision. Why cleavage tends to pass close to the sperm
entry position is less clear. of the mouse homolog of Par6, a member of a protein
complex known to be asymmetrically distributed in C.
elegans and D. melanogaster embryos [18–21]. We
Fertilization Changes Geometry of the Egg found that cortical Par6 was indeed concentrated over
The orientation of the first cleavage plane to the sperm the animal pole and was asymmetrically partitioned to
entry site is a tendency and not an absolute rule. How the polar body in meiosis (Figures 4A–4D). This might
might we explain that in one-third of eggs this did not be important to facilitate the subsequent symmetrical
happen? Since the mitotic spindles in cultured animal mitotic divisions. It did not, however, appear to have
cells become oriented by sensing the cell geometry [16], any specific distribution in the egg that related to the
we considered whether geometry of the egg could influ- sperm entry site.
ence spindle and, hence, cleavage orientation in the Fertilization is, however, associated with cortical
mouse zygote. We therefore measured any deviation of changes; particularly, the deposition of actin accumu-
mouse eggs from their expected spherical shape before lates at the site of sperm entry under the fertilization
and after fertilization. When viewed from the animal pole, cone (Figure 2D). We found that this actin structure was
we found that unfertilized eggs were round or almost itself associated with a dense array of microtubules that
round in shape about their equator (median ratio of projected to the interior of the cell. Since such cytoskele-
shortest:longest axis 0.996, n  51; Figure 3A, Table 1). tal components might facilitate shape changes, we
Surprisingly, however, fertilized eggs with a fertilization sought to test the effects of drugs that disrupt these
cone were flattened about their equator (median ratio proteins. Such experiments are not straightforward
of axes 0.961, n  89, p  0.0001; Figure 3B). Moreover, since the drug treatment could interfere either with the
in the majority of cases (72%, n  71) the fertilization fertilization or the simultaneous completion of the sec-
cone was positioned on one end of the short axis (Figure ond meiosis. We therefore first administered cytocha-
3B). This led us to consider whether eggs might become lasin or nocodazole immediately after fertilization and
flattened through accommodating the fertilization cone found that newly fertilized and flattened eggs retained
within the physical boundary of the zona pellucida. Thus this shape after either drug treatment for 1–4 hr (Table
we examined whether the round shape of the egg would 2, top). Thus neither the actin nor the microtubule cy-
be restored either if the egg was liberated from the zona toskeleton appear to be essential to maintain the shape
pellucida or once the fertilization cone had receded. We change once it has occurred. As we could not achieve
fertilization of eggs in the presence of these drugs [22],found in either case that although not as pronounced,
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Figure 3. Eggs Become Flattened upon Fertilization or Activation
(A–F) Variation in the ratio of short:long axes of mouse eggs at the indicated stages of development. Density corresponds to relative frequency.
The area of each bar is equal to the number of observations falling within the width of this bar.
(G) Box plot to show statistical variation within groupings. Bar corresponds to 15 m. Abbreviations: FC, fertilization cone stage eggs; FC4,
4 hr after FC; FC-ZONA or FC-Z, fertilization cone stage eggs with zona removed; AC, artificial activation; AC2, 2 hr after activation; AC4, 4 hr
after activation; IVF, in vitro fertilization; M2, metaphase II oocyte; FC-TL, eggs from time-lapse studies; FC-4tl, eggs from time-lapse studies
4 hr after fertilization. Mean values shown in red.
we carried out a second study to examine the effect by chromatid separation in the second meiotic division,
we could not perform this experiment using nocoda-of cytochalasin on the shape change induced by egg
activation. (As we monitored success of egg activation zole.) Cytochalasin prevented the shape change (Table
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Table 1. Degree of Flattening of Eggs after Fertilization or Activation
Number of Interquartile Standard Percentage
Group Eggs Median Range Mean Deviation Bilateral (0.99)
FC 89 0.961 0.930–0.986 0.953 0.040 83.1%
FC4 34 0.980 0.966–0.986 0.973 0.028 79.4%
AC2 85 0.985 0.967–0.995 0.978 0.024 57.6%
AC4 38 0.9685 0.951–0.986 0.960 0.035 84.2%
IVF 25 0.9765 0.954–0.993 0.974 0.023 64.0%
M2 51 0.996 0.992–1.000 0.993 0.012 17.6%
FC-ZONA 26 0.982 0.957–0.993 0.975 0.023 65.4%
FC-TL 29 0.962 0.937–0.976 0.951 0.042 89.7%
FC4-TL 29 0.955 0.929–0.989 0.952 0.047 79.3%
Pairwise Comparisons between Groups of Embryos from Data above
Statistically
Pairwise Comparisons Significant at
(Second Group versus First Group) Probability* P Value 0.0014 Level
FC4 versus FC 0.64 0.018 no
AC2 versus FC 0.70 0.0001 yes
AC4 versus FC 0.54 0.510 no
IVF versus FC 0.65 0.021 no
M2 versus FC 0.86 0.0001 yes
FC-ZONA versus FC 0.66 0.014 no
FC-TL versus FC 0.49 0.824 no
FC4-TL versus FC 0.52 0.707 no
AC2 versus FC4 0.59 0.123 no
AC4 versus FC4 0.39 0.119 no
IVF versus FC4 0.50 0.975 no
M2 versus FC4 0.83 0.0001 yes
FC-ZONA versus FC4 0.52 0.794 no
FC-TL versus FC4 0.33 0.018 no
FC4-TL versus FC4 0.40 0.185 no
AC4 versus AC2 0.32 0.002 no
IVF versus AC2 0.44 0.401 no
M2 versus AC2 0.72 0.0001 yes
FC-ZONA versus AC2 0.45 0.449 no
FC-TL versus AC2 0.27 0.0002 yes
FC4-TL versus AC2 0.35 0.015 no
IVF versus AC4 0.62 0.124 no
M2 versus AC4 0.88 0.0001 yes
FC-ZONA versus AC4 0.63 0.090 no
FC-TL versus AC4 0.44 0.376 no
FC4-TL versus AC4 0.49 0.889 no
M2 versus IVF 0.73 0.001 yes
FC-ZONA versus IVF 0.51 0.879 no
FC-TL versus IVF 0.33 0.029 no
FC4-TL versus IVF 0.37 0.096 no
FC-ZONA versus M2 0.26 0.0003 yes
FC-TL versus M2 0.12 0.0001 yes
FC4-TL versus M2 0.20 0.0001 yes
FC-TL versus FC-ZONA 0.32 0.021 no
FC4-TL versus FC-ZONA 0.37 0.097 no
FC4-TL versus FC-TL 0.52 0.821 no
Abbreviations: FC, fertilization cone stage eggs; FC4, 4 hr after FC; FC-ZONA, fertilization cone stage eggs with zona removed; AC, artificial
activation; AC2, 2 hr after activation; AC4, 4 hr after activation; IVF, in vitro fertilization; M2, metaphase II oocyte; TL, eggs from time-lapse
studies.
* Probability that a new observation from the first population (group) will have a ratio less than the ratio of a new observation sampled from
the second population (group).
2, bottom), leading us to conclude that the actin cy- by fertilization, and that the sperm has predisposition
to enter the egg where it intrinsically becomes flattened.toskeleton is at least in part responsible for reorganiza-
tion of egg geometry upon egg activation. However, although there is a reduced tendency for the
egg to be penetrated near the animal pole [23], there isTogether these observations suggest that the egg
changes its shape upon activation in an actin-depen- no evidence at present that there are preferred places
elsewhere on the egg for sperm attachment.dent process that is accentuated by fertilization and that
the effect is long lasting. At present we cannot exclude As the fertilization cone tends to lie on the short axis
of the egg, cleavage would also have a tendency to passthat the short axis of the egg develops entirely as a
direct response to activation, normally brought about along the same axis. Indeed when we examined those
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long axis of the egg. This result suggests that the geome-
try of the egg could be a stronger influence than the
sperm entry site in orienting the first cleavage.
Externally Directed Change in Zygote Geometry
Reorients Cleavage
If shape of the egg could be an overriding factor, then
imposing an externally directed shape change should
direct egg cleavage in a manner unrelated to the sperm
entry position. We were able to change the shape of
eggs by drawing them into a pipette such that they were
slightly squeezed and then releasing them into media
containing sodium alginate. Thus their change in shape
was maintained upon solidification of this matrix. We
first flattened a series of eggs such that the ratio of their
short:long axes was on average 0.785. One group (n 
17) was flattened in such a way that the fertilization cone
was forced to lie on one end of the new long axis. The
other group (n  12) was flattened after the fertilization
cone had receded in such a way that the second polar
body lay at one end of the long axis (Figure 5C). We
then allowed the eggs to develop and noted where the
first cleavage occurred with respect to their new long
axes. In both groups all eggs divided along the short
axis such that the angle between the cleavage plane
Figure 4. Distribution of Par6 Protein before and after Fertilization and a plane perpendicular to the long axis was less than
15. The second series of eggs was flattened so that(A and B) Part of metaphase II oocyte.
(C) Part of fertilized egg showing its animal pole. the ratio of their short:long axes was more similar to
(D) A complete fertilized egg. Arrows indicate accumulation of Par6 those in natural circumstances, on average 0.954 (sec-
protein (in red) in the vicinity of the nascent (A and B) or mature ond polar body at the end of long axis, n  24) and
second polar body. DNA is shown in blue.
0.913 (fertilization cone at the end of long axis, n  16).Bar corresponds to 10 m.
Once again we observed that great majority of embryos
(94%) divided perpendicularly to their “new” long axis
(Figure 5D). This confirms that the position of cleavage“exceptional” eggs from the time-lapse experiments in
which cleavage did not respect the site of sperm entry, depends on the egg shape and also indicates that any
effects of the fertilization site and animal pole can bewe found that such eggs tended to be flattened in a
different dimension and that cleavage showed a bias overridden by externally imposed changes to egg ge-
ometry.correlating with that flattening. Thus in those 36%
(10/29) of eggs in which cleavage was medially or later- Together our results correlate orientation of the spin-
dle and cleavage with changes to egg geometry in rela-ally located with respect to the fertilization cone (Figure
1H), we could observe clear egg flattening in 7/10, and tion to the sperm entry site. These findings are entirely
consistent with our earlier reports in which enduringin five of these division occurred perpendicular to the
Table 2. Ratio of the Short:Long Axis of Fertilized Egg Treated with Cytochalasin or Nocodazole
Group of Fertilized Fertilization  1 hr Fertilization  4 hr
Eggs (Median) (Median)
Untreated 0.961 (n  89) 0.980 (n  34)
SD  0.040 SD  0.028
Cytochalasin treated 0.966 (n  67) 0.972 (n  42)
SD  0.029 SD  0.031
Nocadazole treated 0.978 (n  62) 0.986 (n  59)
SD  0.024 SD  0.023
Ratio of Short:Long Axis of Metaphase II-Arrested Oocytes after Activation in the Presence or Absence of Cytochalasin
1–2 hr Postactivation
Group of Activated Oocytes MII Oocytes (Median) (Median)
Untreated 0.997 (n  51) 0.986 (n  85)
SD  0.012 SD  0.024
Cytochalasin treated 0.991 (n  36)
SD  0.014
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Figure 5. Externally Directed Shape Change
Reorients Cleavage
(A and B) Development of an egg subjected to
flattening and embedded in a sodium alginate
matrix. (A) and (A) are images of the egg at
the same stage to illustrate position of the
second polar body (PB) (A) and position that
had been occupied by the fertilization cone
(A). (B) shows the egg at cleavage. Bar corre-
sponds to 20 m.
(C) The axes of the egg were measured after
flattening such that either the fertilization
cone (left) or the second polar body (right) lay
on the one end of the long axis. The position
of cleavage was analyzed by measuring the
angle it subtended to a plane directly bisec-
ting the long axis.
(D) Left, deviation of the angle of cleavage
from the plane bisecting eggs that had been
flattened such that the fertilization cone (FC)
lay at one end of the long axis. Right, devia-
tion of the angle of cleavage from the plane
bisecting eggs that had been flattened such
that the polar body (PB) lay at one end of the
long axis. In this group of eggs, the position
of the fertilization cone is not known. x axis,
angle between the plane of cleavage and
short axis of the egg; y axis, percent of em-
bryos that cleave within the indicated limits.
surface markers of the fertilization cone position (such Regulation of Development after Experimental
Manipulation of First Cleavageas phytohaemaglutinin-coated fluorescent beads) dem-
Finally, this method for positioning the cleavage planeonstrated a correlation between the site of sperm entry
of the mouse egg at will provided us with the opportunityand the first cleavage [5, 6]. This is contrary to the con-
of testing the regulative capacity of such manipulatedclusion of Davies and Gardner [7, 8] that the site of the
embryos. We produced three groups of experimentallyfirst cleavage could not relate to sperm entry in the mouse
flattened embryos, cultured them to the blastocystembryo. Perhaps this reflects their use of some internal-
stage, and then transplanted them together with carrierized sperm components as markers in contrast to our
embryos (distinguishable by future coat color) to fosteruse of the sperm entry site per se. Alternatively it is
mothers to test their ability for successful development.possible that some experimental manipulation may have
We found that 84% (37/44) of control embryos had fullled to egg shape changes affecting cleavage patterns
developmental potential. Of a series of eggs flattenedin the experiments of Gardner and Davies. We cannot
such that either the animal pole, the fertilization cone,discount the further possibility that changes in egg
or both lay on the end of the long axis at the time of firstshape might be strain dependent and that in the strain
cleavage, 73% (40/55), 60% (34/57), and 31% (11/36),
used by these authors other determinants, including
respectively, developed to term. Thus, only the develop-
those of egg shape, override any effect related to sperm mental survival of the last group of embryos in which
entry. the animal pole and the fertilization cone were both
Our finding that the long axis was cleaved in the divi- located on ends of the long axis was significantly differ-
sion of experimentally flattened eggs is in agreement ent from control group (p  0.001, 2 test, 1 d.f.). These
with the hypothesis that the spindle “senses” cell shape. experiments indicate that development is able to pro-
However, this does not exclude the possibility that fertil- ceed fully after changing the orientation of the first cleav-
ization per se has an additional role in orienting cleav- age, although when the cleavage does not relate to
age. The exact mechanism by which fertilization/activa- either the site of the previous meiotic division or sperm
tion changes the egg shape and how subsequently the entry, probability of survival of embryos appears re-
mitotic spindle responds to this still remains unknown. duced.
Such mechanisms for orienting the spindle might be Our results show that although the orientation of the
first cleavage of the mouse egg has a tendency to corre-more universal [17].
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tendency of the egg to cleave with respect to spatial Biomed. Online 2, 157–160.
cues can be overridden by extrinsic factors affecting 9. Pearson, H. (2002). Dev. Biol.: Your destiny, from day one. Na-
ture 418, 14–15.cell shape. In the absence of defined-fate determinants
10. Johnson, M.H. (2003). So what exactly is the role of the sperma-in the mouse egg, the orientation of cleavage, which we
tozoon in first cleavage? Reprod. Biomed. Online 6, 163–167.show here can be directed by the shape of the egg, could
11. Gardner, R.L. (2001). Specification of embryonic axes begins
contribute to the development of fate in the unperturbed before cleavage in normal mouse development. Development
embryo. However, eggs whose shape is altered are still 128, 839–847.
12. Piotrowska, K., Wianny, F., Pedersen, R.A., and Zernicka-Goetz,able to develop, indicating that initial egg shape, and
M. (2001). Blastomeres arising from the first cleavage divisionso cleavage orientation, do not play essential roles in
have distinguishable fates in normal mouse development. De-development. The regulative ability evident from our ex-
velopment 128, 3739–3748.
periments is not surprising since eggs in which the ani- 13. Fujimori, T., Kurotaki, Y., Miyazaki, J.I., and Nabeshima, Y.I.
mal or vegetal poles are completely removed are able (2003). Analysis of cell lineage in two- and four-cell mouse em-
bryos. Development 21, 5113–5122.to develop to term [24] as are chimeras constructed from
14. Piotrowska, K., and Zernicka-Goetz, M. (2002). Early patterningblastomeres containing either mainly animal or mainly
of the mouse embryo--contributions of sperm and egg. Devel-vegetal cytoplasm [25]. There may nevertheless still be opment 129, 5803–5813.
some survival advantage associated with the preferred 15. Mayer, W., Smith, A., Fundele, R., and Haaf, T. (2000). Spatial
cleavage orientation since a lower proportion of eggs separation of parental genomes in preimplantation mouse em-
bryos. J. Cell Biol. 148, 629–634.developed in our experiments when cleavage occurred
16. O’Connell, C.B., and Wang, Y.L. (2000). Mammalian spindle ori-independently of both the animal pole and sperm entry
entation and position respond to changes in cell shape in a
point. This is consistent with the recent finding that when dynein-dependent fashion. Mol. Biol. Cell 11, 1765–1774.
the first cleavage of human eggs does not occur through 17. Tsou, M.F., Ku, W., Hayashi, A., and Rose, L.S. (2003). PAR-
dependent and geometry-dependent mechanisms of spindlethe animal pole, embryo survival is reduced [26]. Thus
positioning. J. Cell Biol. 160, 845–855.it can be concluded that although there appear to be
18. Eternad-Moghadam, B., Guo, S., and Kemphues, K.J. (1995).positional cues in the mouse egg, these provide bias
Asymmetrically distributed PAR-3 protein contributes to cell
rather than determinants for early patterning events. polarity and spindle alignment in early C. elegans embryos. Cell
83, 743–752.
Supplemental Data 19. Watts, J.L., Eternad-Moghadam, B., Guo, S., Boyd, L., Draper,
Supplemental Data including Experimental Procedures and Movies B.W., Mello, C.C., Priess, J.R., and Kemphues, K.J. (1996). Par-6,
are available at http://www.current-biology.com/cgi/content/full/ a gene involved in the establishment of asymmetry in early
14/5/397/DC1/. C. elegans embryos, mediates the asymmetric localization of
PAR-3. Development 122, 3133–3140.
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